Earth from Sky

Radar systems carried aloft by the

space shuttleln deavour provide a new

perspective of Lhe carth’s environment

by Dianc L. Evans, Ellen R. Stofan, Thomas D. Jones and 1.inda M. Godwin

oon after launch on Fri-

day, September 30, the

crew of the space shuttle
Fndeavour were trealed to a
dramatic sight. The Kliuchev-
skoi volcano in Kamchatka,
Russia, was spewing plumes
of ash 65,000 fectinto the air.
After 49 years, the volcano hat]
chosen to eruptthat very day.
Indeavour was carrying a so-
phisticated radar system de-
signed to study theecarth’s ge-
ology and environment. The
equipment had flown only once
before, the preceding April.
The radar planning team quick-
ly changed the schedule dur-
ing the next few orbits to cap-
ture the fiery peak on film.

Nor was that the only natu-
ral event to coincide with En-
deavour’'s 1 2-day flight. On
Tuesday, October 4, an carth-
quake struck near the island
of 1 lokkaido in Japan. Some
hours later Endeavour was able
to scan the coastline for dam-
age from tsunamis.

Radar systems, such as the
one on hoard Endeavour, emit
radiation of relatively long
wavelengths- ranging from a
fcw to tens of centimeters-
and record the echo returned
by a so rface. Comparison of
the originaland the reflected
ray tells rescarchers the dis-
tance, size, orientation, rough-
ness and other characteristics
of thie reflector. For example, an object tends to reflect that
wavelength of radar that matches its own size.

If the surface is oriented so that it reflects the radar right
back to the source the way a mirror does, it will look bright.
If oriented at some other angle, it will look dark. Features
that arc rough onthe same scaleas the wavelength scatter
the radiation in all directions, rather than reflecting it back.
Thus, plowed fields look bright with shorter-wavelength ra-
dar and dark with longer wavelengths, whereas forests look

SPACE SHUT 11X, ENDIA VOUR views the earth with radar.
Visible on the shuttle arc flat antenna panels that emit
three wavelengths of radar, accompanying electronics
(marked *JPL") and an apparatus for measuring atmo-
spheric pollution from satellites (marked “LarR(”).

bright at most wavelengths.
And whereas a long wave-
length can pass right through
a hurricane, a short one might
divulge details of a storm sys-
tem’s core.

American and Furopcan sci-
entists worked together for
years 10 build the radar sys-
tems on board Endeavour. We
used three wavelengths- -o f
three, six and 24 centimeters-
called X-band, C-band and 1-
band, respectively. The two
longer wavelenglhs of radiation
were emitted by the Space-
borne Imaging Radar-C (SIR-C,
pronounced “sirsee®) instru-
ment. Scientists at the Nation-
al Aeronautics and Space Ad-
ministration’s Jet Propulsion
Laboratory (JPL)developed
this equipment and the data
processor in Pasadena, Calif.,
where the information is re-
trieved and studied.

The radiation from SIR-C is
polarized, so that its electric
field vibrates either inthe ver-
tical or in the horizontal direc-
tion. The reflected rays may be
received cither vertically or
horizontally polarized, giving
scientists another means of
discrimination. For example,
vertical tree branches may re-
flect one polarization better
than the other, allowing inves-
tigators to distinguish between
different types of vegetation.

The other radar, X-Band Synthetic Aperture Radar (X-SAR,
pronounced “exsaar”), operates at three centimeters, ernit-
ling arid detecting only vertically polarized light. 1t was de-
veloped by the German Aerospace Establishiment ant] the
companies of Dornier in Germany with Alenia Spazio in
Italy, for the Italian and German space agencies.

On its April and October flights, Fndeavour’s orbit was in-
clined at 57 degrees to the equator. Drifting slightly on suc-



KLIUCHEVSKOI VOLCANO (red area) in Kamchatka, Russia,
crupted on September 30. Its last major outbursts had been
in 1737 and 1945, The Kamchatka River (1op) flows across
this volatile region where the Pacific plate is sinking under
the Eurasian plate. North of the river are dormant volcanoes
(green); south of it are agricnltural settdements (lines). Streaks
(yellow-green) on Kliuchevskoi's slopes indicate new lava
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flows. For this 18.5- by 37-mile image, the transmitted radia-
tion was polarized horizontally, 1-band radiation (24-cen-
timeter wavelength) was received horizontally and vertically
polarized, called LI (red) and LIV (green), respectively.
Also displayed is the vertically polarized component, called
CHYV (blue), of the reflected C-band radiation (six-centimeter
wavelength).
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DINOSAUR EXTINCTION, 65 million years
ago, may be linked to the Chicxulub crater
in the Yucatan, Mexico. The meteoritic im-
pact crater is now buried under 300 to
1,000 meters of limestone, but fracture
patterns and water flow reveal the crater’s
stracture. To the leftis a mangrove swamp
(yellow and pink band). The spots (blue)
indicate tropical forests watered by
springs, most abundant near the crater
rim, which runs across the center of the
image. Data from Endeavour may help de-
termine the diameter of the crater (be-
tween 110 and 180 miles), a topic of much
debate. (1-band total power is red; C-band
total is green; and the difference between
C- and 1-band is bhluc.)

MOUNTAIN GORILIAS that were stud-
icd by Dian Fossey live in the bamboo
forest (green crescent) on the slopes of
Mount Karisimbi (14,800 fecet). Its neigh-
boring peaks are Sabinyo (12,000 feet)
and Muhavuara (13,500 feet). These be-
long to the Virunga volcano chain along
the borders of Rwanda, Zaire and Ugan-
da. The volcanoes endanger the town of
Goma, Zaire, and nearby Rwandan refu-
gee camps (white) on the shores of Lake
Kivu (dark patch at top). Rescarchers
are using similar images to produce veg-
clation maps. These maps could be eriti-
cal to helping the world's last mountain
gorillas survive, (35 by 20 miles; TV
red, CHH green, CHV blue.)
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1,0S'1” CITY OF UBAR insouthern Oman
was uncoveredinl992 using L. ANDSAT.
A's in the original data, the city itself is
100 small to show up in Ibis image by kn-
deavour. But streaks ( pink) just below
the oldriverbed, or wadi ( white gash), re-
vea |uried roads converging on the site.
Ubar, one of the enchanted cities of ‘J hou-
sand and One Arabian Nights, was a deca-
dent outpost where caravans assembled
before ferrying frankincense acr 0ss the
deser L Long believed to be mythical, it
probably flourished from about 2800 B.c.
10 A.D. 300. North of the river are sand
dunes (magenta); south are bare lime-
stone rocks (green). (31 by 62 miles; LHI
red, CHIH blue, LHY green))

SIEK ROAD) may have traversed
this corner of the Taklamakan
Desert, in China's Xinjiang Prov-
ince, on its way to Persia, Byzan-
tium and Rome. The image is
thought to contain the ruins of
Niya, ap ancient settlement. The
while streak ( middle) is the Niya
River flowing through ridges
and dunes ( blue). Enhancement
( inset) reveals a lincar feature,
probably a man-made canal lead-
ing Off theriver. Such images of
deserts and dunes can aso help
predict sandstorms. (22 by 51
miles; (1 1l red, LHHgreen, LHY
blue.)



R
[0

v
I e
S "’%13"!

RECLAIME 1) TAND in 1 levoland, the N€ ther-
lands, is used foragriculture and forestry. “1 his
image from FLndeavour's April mission shows
bare fields (blue). Above the canal (black) 1s an
old forest (red); on the canal's shore is the city
o1 Harderwijk (}’hilt); and specks inthe canal
arc boats. Such images aid in studies of crops
and soil conditions. The pentagon (lower right
corner) is a reflector for calibrating the radar.
(15.5by15 miles; 1-bandotalred, ( -trend total
;Slrv(-l;,)\’vhand vertically polarized aild received
ue'.

AMAZON FLOODS (yellow and red), imaged in
April, have since receded. The Rio Negro (top,
blue) and Rio Solimoes (botton) meet a few miles
downriver to form the Amazon. A road (center,
thin line) can be seen connectling a cleared patch
(blue) in the forest (green) o a tributary of the Rio
Negro. Rescarchers use radar to measure the ex-
tent of flooding or clear-cutting and the biomass of
forests. They can then deduce the carbon dioxide
intake, essential to studies of global warming. (5 by
25 miles; LI red, LIV green, EVV blue.)



Continued from Page 70

cessive passes- cach orbit took 90 minutes- it eventually
imaged 12 percent of the globe. The radar was focused on
several hundred sites selected by the 52 scientific teams.

The crew aso testeda new technique for making accurate
topographic maps. The radiation is emitted in phase (as for
a laser). The phase of the return ed wave is detected by two
separate antennac or by two dlightly displaced passes of the
shuttle. The difference in phases recorded in the two in-
stances depends on the distance of the feature being im-
aged. Such interferometry has revealed changes as sinall as
centimetersin the Topography of Caifornia ant] Hawaii be-
tween the April and October flights.

The bulk of the data was not turned over to JI'L. untit the
shuttle landed. But the crew transmitted some images divect-
ly to researchers on the ground, along with comments on
what they were seeing. This verbal record, together with more
than 20,000 frames of film thatthe astronauts exposed- a
record for shuttle missions- is invaluable for interpreting
the data. Covering much broader areas than the radar swath,
it Drol’ides context. It has alrcady helped explain anomalies
such as shadowy regions in X- ant] C-band images taken dur-
ing heavy rain in the Amazon.

ICE¥LOES (brown and white) ride cm swells
in the Weddell Sea, Antarctica, creating [his
rippled image. Stretches of open water
(blue) barbor areas w’here new ice is form-
ing ( black wisps). Seaice hinders heat flow
from the warm ocean to the cold atmo-
sphere, affecting the globa climatic system.
Radar reveals not only the ice thickness hot
also the energy andinteractions of the
waves. It is especially useful in polar re-
gions, which have long periods of darkness
and extensive cloud cover. (62 by 1 8.5
miles; LIV reel, ILHH green, CHIT blue. )

1EVE E BREAKS during the Midwestern floods of 1993
deposited several meters of sand (blue) cm farmlands
along the Missouri River mar Glasgow, Miss. These farms
may now become a muddy-bottom refuge. Some breaks
are visible just below the sharp bend ([q> center). Gullies
( yellow) from thefloods crisscross the terrain. Indeavour
was able to monitor the April floods of 1994 even asthey
ravaged parts of Illinois. Radar can also measure the wet-
ness of soil or snow (such as in California’s Sierra Neva-
da) and help manage water resources. (23 by 16 miles;
LHH1ed, LIV green, inverse of LHH + 1.HV bloc. )

Fndeavour landed at Fdwards Air | orce Base in (cCalifornia
on October1l, 199-1, having stayed aloft an extra day o
finish all its tasks. Its mission showed how the unique per-
spective of space, combined withthe power of radar, can let
us explore our planetin a way never before possible. From
the images taken, we expectto learn which combination of
radar wavelengths and polarizations are optimal for future
studies. Launiched on board a satellite, such a radar system
could become a permanent source of information about the
state of the carth's forests, rivers and climate- ant] potential
hazards such as earthquakes, volcanoes and floods.

TURTHER READING

THED ISPEACT MENTEINT D O T ANDERS EARTHOQUAKEMAVPPE 1)
BY R ADAR IN'TERFE ROMERY. 1), Massonnet et al. in Nature, Vol.
364, N(), 6433, pages 1:38- 142; July 8, 1993,

“fill. SHUT'T 1 IMAGING R AD AR-C AND X-S.AI{ MISSION. 1), .. Evans
ctal.in Fos ( Transactions of the Amevrican Geophysical Union),
Vol. 74, No.13, pages ] 45158; March 3[), 1 D93,

ADDI ITONATIMAGLES are available from the World Wide Web at
httpy//spacelink.mstcnasa.gov or fip to spacelink.msfe.nas agov




